Molecules with high affinity and base-sequence specificity are required to control gene expression. In living cells this is usually achieved via specific binding of regulatory proteins to defined nucleic acid sequences (HClkne & Lancelot, 1982) . It was recently shown that small RNAs could also participate in the regulation of protein synthesis at the level of translation (Coleman et al., 1984) . We previously described a new family of molecules which could be used to achieve selective control of gene expression (Asseline et al., 1983 . These molecules involve an oligodeoxynucleotide covalently linked to an intercalating agent. The oligonucleotide should provide binding specificity by hybridizing to the complementary sequence of the nucleic acid target provided the latter is in a single-stranded configuration. The intercalcating agent might interact with this hybrid duplex structure provided the length of the linker is sufficient to allow for appropriate folding (see Fig. I ).
Results
Complex formation. In order to provide evidence for the hybrid structure(s) which are depicted in Fig. 1 , an acridine derivative (2-methoxy-6-chloro-9-aminoacridine) was covalently linked to the 3'-phosphate of a series of oligodeoxythymidylates via a polymethylene linker [(Tp), (CH,) ,ACr]. The interaction of these oligonucleotides bridge intercalators (ONBI's) with complementary sequences was investigated by different physicochemical methods including absorption fluorescence, nuclear magnetic resonance ( I H and 31P), circular dichroism, nitrocellulose filter binding and affinity chromatography. Complex formation is characterized by a strong hypochromism in the visible absorption band of the acridine derivative, an enhancement of the fluorescence quantum yield together with a red-shift of the fluorescence band and an induced circular dichroism. Both ' H and " P n.m.r. experiments revealed that the acridine ring was intercalated between AT base-pairs (Lancelot et al., 1985) . Static and dynamic fluorescence polarization studies showed that the acridine group was immobilized in the complexes. Mispairing at the 3'-end of the ONBI strongly destabilized the complexes.
In the case of poly(rA) complexes the stocheiometry of binding corresponded to the formation of a 1 : 1 complex with a number of AT base-pairs equal to that of thymines in the ONBI. With poly(dA), 2: 1 complexes were also obtained.
Stability studies indicated that the presence of the acridine derivative covalently attached to the oligo(dT) strongly stabilized the complexes. For example, the t,,, of oligo(dT), complexes with poly(rA) increased from 17 to 41°C upon attachment of the acridine derivative to the 3'-phosphate via a pentamethylene linker. The stabilization depended upon the length (Asseline et al., 1984a) and the site of attachment of the acridine dye (3'-phosphate, 5'-phosphate or internucleotidic phosphate) (Asseline et al., 19843) . Additional stabilization was achieved when the 3'-phosphate group was twice substituted by the acridine derivative and a positively charged group to form a phosphotriester . EfSects on transcription and translation. ONBI's were tested for their possible use as regulatory elements in the control of gene expression. Two systems were investigated: transcription of the /?-lactamase gene of pBR 322 and translation of gene 32 from phage T4.
When RNA polymerase binds to a promoter it opens up several base-pairs to form the so-called 'open complex ' (McClure, 1985) . ONBI's complementary to the transcribed strand were synthesized and shown to inhibit transcription initiation (HClene et al., 1985) . No effect was detected when the lac UV-5 promoter was used instead of the /?-lactamase gene.
ONBI's complementary to the messenger RNA of gene 32 from phage T4 were tested for their effects on protein synthesis in a cell-free in vitro translation assay. Specific inhibition was observed with ONBI's directed against sequences upstream from the Shine-Dalgarno sequence (HClthe et al., 1985; TolumC et al., 1985) . A non-specific effect was detected in transcription assays; this might result from ONBI binding to RNA polymerase especially when the oligonucleotide is rich in As and Ts. Such a complex could be stabilized by the acridine dye. Further experiments are required to determine what are the important parameters which govern specific versus non-specific effects in cell-free coupled transcriptiontranslation assays. DNA can exist in either right-handed or left-handed conformation. These two conformations are in equilibrium with each other. However, the left-hand form (Z-DNA) is a higher energy form and is generally represented in biological systems when the DNA is under the torsional stress of negative supercoiling. Biological systems contain a number of Z-DNA-binding proteins that can be either sequence-specific or non-sequencespecific. These proteins are generally located in chromatin and can be isolated by a number of techniques. In addition, monoclonal antibodies can be raised against Z-DNA, some of which are sequence-specific and some of which are not. Naturally occurring Z-DNA-binding proteins have been prepared from the mini-chromosomes of the tumour virus SV40. Some of these proteins bind at the control region of the tumour virus. The general characteristics of Z-DNA-binding proteins and their interaction with Z-DNA were discussed.
The organizers are grateful for the generous financial contribution of Information Retrieval Ltd. towards the cost of the above lecture. There are now more than 600 known restriction endonucleases and these enzymes recognize more than 100 different base sequences in their DNA substrates. When considering binding sites we must, of course, consider both the protein and the nucleic acid.
Binding sites of restriction endonucleases
Many, but by no means all, of the nucleic acid sequences recognized show a two-fold rotational axis of symmetry, for example, BamHI recognizes GGATCC CCTAGG and Hind111 cleaves at AAGCTT TTCGAA One might therefore expect this symmetry to be reflected in the protein's subunit structure and disposition of active sites. While this probably holds in most cases, it is certainly not universally true because some of the nucleases are active as monomers (Koncz et al., 1978) . Another feature worthy of comment is the predominance of G-C base-pairs in the recognition sites. This can be illustrated by the fact that, although many enzymes (e.g. ApaI, SucII, BsePI, NurI, NueI, SmuI) which recognize sequences composed entirely of GC's have been known for some time, the first all AT-recognizing enzyme (AhaIII) was only discovered very recently (Whitehead & Brown, 1982) . It is, of course, possible that the reasons for this bias are evolutionary rather then mechanistic, but to date there are no useful suggestions under either heading to account for this.
Although the recognition sequence of between four and eight base-pairs is necessary and sufficient for cleavage, the rates of cleavage at different sites may vary considerably. This was first shown by Thomas & Davis (1975) , who showed that of the five EcoRI sites in phage , I DNA, the right-hand one is cleaved some ten times faster than is the left-hand one. The results have been confirmed and extended by several groups (Halford et al., 1980; Berkner & Folk, 1983; Alves et al., 1984) , and a similar phenomenon has been shown to exist with PstI (Armstrong & Bauer, 1982) and with Hinfl (Armstrong & Bauer, 1983) .
We have used a slightly different approach to demonstrate the importance of bases outside the canonical recognition sequence: that of different ligand inhibition. For example, molecules such as netropsin, which have an extreme preference for AT, inhibit the HpaI sites in 4x174 DNA (which are flanked by AT base-pairs) several order of magnitude more strongly than do GCbinding ligands such as actinomycin D (Malcolm & Moffatt, 1981) . On the other hand, digestion at the H i n d sites in pBR322 is scarcely inhibited at all by netropsin: its flanking sequences are rich in GC basepairs. We have extended this to bifunctional ligands (Malcolm et al., 1982) and it has also been applied to MboI (Nilsson et al., 1982) as well as to many other ligands (Kaplan, 1982) .
An inevitable consequence of these additional interactions between the enzymes and the nucleic acids is that non-specific binding (i.e. independent of the formal recognition sequence) also occurs. We first demonstrated that this actually occurs by protecting EcoRI against chemical modification using DNA's [4X 174 and poly d(GC)] which do not contain the sequence GAATTC (Woodhead & Malcolm, 1980) . Similarly such nucleic acids can act as competitive inhibitors (Langowski et al., 1980) . Such a phenomenon is, of course, commonly found among DNA-binding proteins (e.g. RNA polymerase, lac repressor, etc.) and undoubtedly allows the enzyme to bind to the DNA much more rapidly than if it had to seek out its functional binding site first. This is confirmed by the fascinating findings of Jack et al. (1982) who showed that the rate at which EcoRI cleaved the single site in different sized restriction fragments from
